this period. At 10 days of age they were castrated in the usual way. From the I ~t h to the 14th day of life, their diet was gradually changed to that which they were to eat during the experiment. The experiment began on the 15th day of life, when the pigs weighed, on average, 3-8 kg.
Plan of experiment. Four pigs were kept for 56 days at each of the temperatures IO', 15O, zoo, 25' and 30' (all k < I'), with air movement between 4 and 5 cmlsec. In addition, two pigs were kept at 10' with a higher level of air movement (35 cm/sec); this treatment is called ' IO'+ '. Relative humidity was always maintained at 70% saturation. When 1 5 days old, each piglet was placed in a metabolism cage measuring 92 x 92 cm and 61 cm high, which was set up in one of three climatic chambers, the design of which is to be published elsewhere. The cages were made entirely of wire mesh to allow the animal no opportunity of modifying its local environment. The pigs were given both food and tap-water ad lib. Every day the uneaten food was weighed and returned to the pig with an additional weighed quantity. Each pig was weighed daily to the nearest $ lb (I 13 g). N balances were determined in eight successive 7-day periods. At the end of the experiment, i.e. when they were 70 days old, all the pigs were killed and dissected.
Diet. The diet was Amvilac no. z (Glaxo Research Ltd), prepared from cereals, white-fish meal and dried skim milk, and was in the form of pellets. The composition is given in Table I . Two determinations were made with each of two pigs kept at zoo of the apparent digestibility of energy. The mean value was 87.6%. Environmental conditions. Each chamber was insulated by a 7.6 cm thickness of expanded polystyrene or its equivalent, giving a thermal conductance of 0.35 kcal/m2 per h per "C. Because of this low conductance, wall temperature differed little from air temperature. Temperatures were controlled by long-stem bimetallic helix thermostats, operating through electronic relays, and were recorded continuously on a sixchannel potentiometric recorder by means of copper and constantan thermocouples with measuring junctions near to the pigs. To measure humidity, the measuring junctions of two thermocouples were inserted into a tube through which a fan could be made to draw air at a speed of 310 cmlsec. The junction nearest to the fan was covered with a cotton wick which dipped into distilled water. One of these psychrometric units was mounted in each chamber, and readings were taken at least once daily. Air movement was measured by silvered katathermometers, using the nomogram of Bedford (1946) . 4 cm anterior to the iliac bifurcation. The distal end of this length was ligated and the proximal end clamped. A cannula was inserted and tied in place and the proximal clamp was removed. The blood was led away to a tared bottle through tubing treated with heparin. All blood shed during this and subsequent procedures was absorbed on weighed cotton-wool.
Dissection. The midline incision was extended to the pharynx and the anus. The spleen, liver, heart, alimentary tract, lungs and kidneys were removed in order, blotted free of surplus blood and weighed. The hair was removed with electric clippers and the carcass was then cooled in a polyethylene sack in a deep-freeze. The alimentary tract was emptied and reweighed. The cooled carcass was decapitated by disarticulation of the skull at the atlas vertebra and by a transverse incision in the same plane. The tail was also removed. The spine was sawn down the midline and each side of the carcass was weighed, the left side being retained for dissection. The peritoneal fat was removed first, followed by the skin and subcutaneous fat together. All exposed surfaces were covered with cold, damp towels. The muscles were freed from remaining subcutaneous fat and dissected from the bones, together with their tendons and inter-muscular fat. Major blood vessels, glands and spinal cord were classed together as 'remainder'. After they had been weighed, the visceral organs and ' remainder ' were minced and homogenized together and were treated for analytical purposes as one tissue. The panniculus muscle was dissected from the subcutaneous fat, which was then separated from the skin. The head was dissected in a simiIar way, the skull being sawn open and the brain removed and weighed. The tongue was included with the muscle; the eyes and salivary glands with the 'remainder'.
Analytical methods. N was determined by Kjeldahl's method, using CuSO,. 5H20 and powdered Se as catalysts and 0.33 g K,SO,/ml 36~-H,sO,. Samples of the homogenized faeces were transferred by wide-bore pipette to tared digestion flasks which were then reweighed. N in urine was determined in duplicate, that in food and faeces in triplicate. If the variation between replicates exceeded I % of their mean, the analysis was repeated. Each set of digestions (four to five samples) included a standard solution of either urea or creatinine as a check of accuracy.
The fat content of the dissected tissues was determined by extraction of the dried 5 34 M. F. FULLER 19% material with light petroleum (boiling range 40"-60") in a Soxhlet apparatus. The whole mass of each tissue was frozen, minced and thoroughly mixed by hand. A sample of about 600 g was withdrawn and stored in a sealed polyethylene bag at -25". Before analysis it was reweighed and then minced. About 200 g was dried at reduced pressure over anhydrous CaC1, (fatty tissue was not dried before extraction). The difference between the weight of the dried extracted residue and that of the dried extract was taken to be the weight of residual water (Callow, 1947) . Energy content. The heats of combustion of the food and faeces samples were determined in a ballistic bomb calorimeter (A. Gallenkamp & Co. Ltd, London) calibrated with thermo-chemical standard grade benzoic acid.
RESULTS
Appearance and condition of the animals. The pigs at 1 0 ' were remarkable for their long, curly hair, and it was of interest to know whether there were detectable differences in the amount of hair grown by the animals at different temperatures. The weight of hair clipped off at slaughter was recorded and the results are summarized in Table 2 . It may be seen that the weight of hair showed a significant tendency to increase at the lower temperatures, and this tendency is accentuated if the weights are expressed per m2 of surface area. It was also noticed that the pigs at 30" had conspicuously larger ears than the others, and this was also investigated. Tracings were made of the upper surfaces of both ears after slaughter and the areas of these tracings were determined; these results are also shown in Table 2 . They confirm that the pigs at 30" had significantly larger ears than the other pigs. Pigs in the cold characteristically adopted a flexed posture with the hind legs alongside or partially beneath the body. Both pigs at IO'+, two at 10' and one at IS', after a few days of the experiment, showed difficulty in extending their hind legs normally and soon became unable to stand up. One of the pigs at 1 0 ' subsequently recovered spontaneously after 3-4 weeks. This condition has apparently not previously been described, and in order to investigate its nature, tissue samples were taken at
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EJffect of temperature on the growth of pigs 535 slaughter from the right sides of two of the affected animals and from two normal animals (kept at 2 0 ' ) . Sections of the spinal cord (thoracic, lumbar and sacral), of the sciatic nerve and of the biceps femoris, semitendinosus, semimembranosus and quadriceps femoris muscles were examined histologically. In none of the sections examined was there apparent damage to the spinal cord. In the pigs with chronic leg weakness there was evidence of muscular atrophy, and in one an increase of sarco-lemma1 cells. The distribution of the affected fibres did not suggest previous injury to peripheral nerve. In the sciatic nerve of the other affected pig there were a few swollen basophilic fibres, of unknown significance. There was therefore no clear evidence that this condition originated from damage to nervous tissue. Food intake, growth and food conversion efficiency. The summarized values for the whole experiment are presented in Fig. I . Food intake was significantly lower at 30° than at the other temperatures (P < 0.01). Growth rate was similar at 2 0 ' and 2 5 O , but was reduced at lower temperatures. At 30° it was lower than at IOO, by virtue of the greatly reduced food intake, in spite of a systematic improvement of food conversion efficiency with increasing temperature. The variance ratios were all significant at P < 0.01, that €or food conversion efficiency at P < 0'001.
Food intake in relation to body-weight. T o examine the effect of temperature on food consumption at any given body-weight, the regressions of log food intake on log body-weight were calculated. They are presented in Table 3 , and the curves they describe may be compared directly in Fig. 2 . There were no significant differences between the exponents of body-weight at the different temperatures, and the pooled value, excluding pigs at IO'+, was 0'72. Food consumption has therefore been expressed per kg@72/week, and these values are also given in Table 3 . Food intake was increased by 12 & 2 g/kgo'7a week for each I' fall of temperature, and this trend was highly significant (P < 0.001). The unexpectedly low food consumption of the pigs at IO'+ was probably due to the leg weakness suffered by these animals, for it was noted that the pigs with leg weakness at 1 0 ' or 15' also ate less than the others of their groups (see appendix). N metabolism. The basic values for N metabolism are provided in the appendix, but the main results are summarized in the following paragraphs.
Excretion of N in the faeces. The percentage of the total 8-week N intake appearing in the faeces was found to be increased significantly with a reduction of environmental temperature. Also, the regression equations relating faecal N to N intake were Table 3 
. Regressions of y (food consumption in kglweek) on x (mean body-weight in kg)
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Eflect of temperature on the growth of pigs 537 calculated, and the regression coefficients were found to increase significantly at low temperatures. These results are presented in Table 4 . Excretion of N in the urine. The results indicated that the urinary excretion of digested N was slightly but not significantly increased in the cold environments. The regression equations relating log urinary N excretion to log N intake were calculated and the regression lines may be compared directly in Fig. 3 . It will be seen that during Table 4 . Summarized values for N mtabolism ( The values are means for four pigs at each temperature, except at I oo +, at which there were only two) the early part of the experiment pigs at 1 0 ' and at 10' + excreted slightly more N than the other pigs, but that this effect did not persist. At no value of digested N were there significant differences between the estimates of the amounts of N excreted at different temperatures. Over the whole experiment, the percentage of the digested N appearing in the urine increased by 1'3% between 2 5 ' and 1 0 ' : these results are summarized in Table 4 . At I O ' + and particularly at 30' this percentage was lower, which is probably explained by the much lower food intakes of these animals (see Figs. I and z) , for the slope of the line relating urinary N to digested N increased at higher values of digested N, and the pigs at 30' and IO'+, with their lower food intakes, are represented only on the lower part of this curve, where N excretion is proportionately less. Body composition. The mean weights of the principal tissues, both intact and fatfree, and of the major organs are given in Table 5 . Most of the differences between temperatures were related to differences in the body-weights at different temperatures, and covariance analyses were made to adjust for these differences. Two values of fatfree body-weight were missing but to facilitate the covariance analysis were estimated with a standard error of f 0-4 kg from the regression of total fat on ingesta-free body weight. Those adjusted values that showed a significant effect of environmental temperature are presented in Table 6 .
Fat content of the dissected tissues. The quantities of light petroleum-extracted fat in each of the tissues showed considerable variation at any one temperature and analysis of variance showed no significant differences due to temperature. It was of interest w I n t Where D = difference in mean value of ingesta-free body weight between treatments compared (see Table 5 ).
1 Where D = difference in mean value of fat-and ingesta-free body weight between treatments compared (see Table 5 ). to know whether pigs in the cold deposited more of their total body fat subcutaneously than pigs at the higher temperatures. The values in Table 7 show that they did not.
Energy retention, This experiment involved the assumption that the proportion of the energy intake retained by the pigs would be reduced at low environmental temperatures. To assess this effect, the values for N retention and body fat content were used to form an estimate of energy retention. The fat content of the pigs at the beginning of the experiment, when they weighed, on average, 3-8 kg, was taken to be 10% (Manners & McCrea, 1963 ). An error of I Yo in this estimate makes a difference of only 38 g in a total quantity of about 8000 g of fat, and is unlikely to invalidate the comparison of the effects of temperature. The factors used to convert N retention and fat deposition into calories were based on the analyses by Franke & Weniger (1958) of tissues from pigs of a similar weight. These authors reported that the fat-and ashfree dry matter of pig muscles contained 16.07~ N and had a heat of combustion of 5.67 kcal/g. This value takes into account the glycogen contained in the muscles. Dried, ether-extracted fat had a heat of combustion of 9.46 kcal/g. From Table 8 it may be seen that the percentage of the energy intake retained fell by 43 yo between 30' and 1 5~ and by a further 5.1 yo between 1 5~ and 1 0 ' . The results given above were based on only four pigs per treatment and any conclusions must accordingly be tentative ; nevertheless, the statistical significance of certain trends has been established and these will now be discussed.
D I S C U S S I O N
The extent to which the katabolism of amino acids is accelerated during cold exposure probably depends on the difference between the animal's intake of nonprotein calories and its thermoregulatory heat production, that is, the difference between its total heat production in the cold and that which obtains when the animal eats the same amount of food in a thermoneutral environment. If the decrease in energy retention between 30' and 1 0 ' can be taken as a measure of the increased heat production over this temperature range, it is clear that amino acids contributed only a small part of the food energy used in thermoregulatory heat production. It seems likely therefore that when eating ad Zib., the young pig consumes enough food for protein metabolism to be unaffected by temperatures down to IOO, even when the diet contains 22% of protein.
The apparent increase in the faecal excretion of N with decreasing temperature was unexpected. No such effect was noted by Piatkowski (1958), working with pigs of 70-90 kg. An increase in the faecal energy excretion of sheep in the cold has been noted by Graham, Wainman, Blaxter & Armstrong (1959) and by Graham (1964) .
These authors suggest that increased decomposition of the voided faeces in a warm environment might be responsible for this effect: the same may well apply to my results, and experiments are now in progress to examine this possibility.
The accelerated growth of hair of pigs at I O O and I O O + suggests an insulative adaptation to cold, such as is common in large mammals (Hart, 1957) . Berry & Shanklin (1961) showed that the overall thermal insulation of calves increased directly Vol. 19 Eflect of temperature on the growth of pigs 541 with the weight of hair per unit of surface area. On the other hand, Mount (1964) has demonstrated that shaving the hair from pigs more than a few days old does not significantly decrease their insulation, which finding he attributes to the preponderant insulative role of subcutaneous fat. It therefore seems probable that the increased hair growth did not increase the overall insulation of the pigs to an extent that was physiologically important. In hot environments, the pig is stressed by ambient temperatures considerably lower than its body temperature (Robinson & Lee, 1941) , which stems from its poor ability to increase its evaporative heat loss (Mount, 1962) . It is to be expected, therefore, that those areas of the pig's surface with little subcutaneous fat and extensive vascularization have a special role in heat dissipation. The increased area of the ears at 30" may represent an adaptive response of some value to the animal. Sundstroem (1922) found that the ears of mice in a hot environment were greater in area than those of controls. The mechanism of this response perhaps lies in the differences in blood flow through the ear under different environmental conditions: HCroux (1960) noted that the mitotic rate in the epidermis of the cold-exposed rat fell with decreasing surface temperature. One of the most important ways in which animals adapt to chronic cold exposure is by increasing their consumption of food. When food intake was expressed as a function of body-weight, it was seen that, in general, the pigs in the experiment now described behaved typically in this respect. The extra food consumed in the cold was used with reduced efficiency for growth, which was slower at 1 0 ' than at 2 0 ' and 25". These results corroborate those of Heitman & Hughes (1949) . The pigs at I O ' + ate less food than all the other pigs except those at 30') although they presumably suffered the highest rate of heat loss; as previously mentioned this can probably be attributed to their leg weakness.
The increased weights of the heart, spleen and kidneys of animals in the cold have been described many times in the literature, most frequently in work with small laboratory animals. MacKay, MacKay & Addis (1928) found that the weight of the rat's kidneys increased directly with the amount of protein consumed by the animal. Since the intake of food, and therefore of protein, per unit of body-weight by the pigs in my experiment was greater, the lower the temperature, the increased weights of the kidneys may simply reflect the pigs' increased consumption of protein.
5.
Food utilization efficiency increased significantly with environmental temperature ( P < 0.001).
6. There was an apparent increase in the cold in the excretion of N in the faeces 7. At the beginning of the experiment the urinary loss of digested N was slightly increased at 1 0 ' and IO'+.
Over the whole experiment there was an increase of 1'3% between 2 5 ' and I O ' , but pigs at 30' and IO'+ excreted in their urine rather less of the N they digested by virtue of their smaller food intakes.
8. Pigs at 1 0 ' and I O ' + had more hair than those in warmer environments. Those at 3 0 ' had larger ears than those at lower temperatures. 9. Some pigs in the cold suffered from failure of the extensor muscles of the hind legs. This was probably not due to nerve damage.
10. When the weights of the various tissues and organs were corrected for differences in the animals' body-weights, only the weights of peritoneal fatty tissue, heart, spleen and kidneys were significantly affected by temperature. I I. The percentage of the energy intake estimated to have been retained rose from 33'9% at 1 0 ' to 43'3% at 3 0 ' .
( P < 0'001).
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